Electron microscopy of B16 melanoma and its sublines revealed that these cells produce numerous intracisternal A-type retroviral particles (lAPs). To identify and sequence the melanoma-associated lAPs of C57BL/6 mice, a cDNA library was constructed from lAP-producing BL6-8 cell RNA and screened using MIA14 lAP DNA as a probe. A 6.8 kb mRNA was identified that represents the full-length message for a new subfamily of lAP, termed MelAP. The melanoma-derived lAP cDNA showed high similarity to MIA14 with major differences in the LTR. A nine base motif of the R region showed that this lAP differs from other previously sequenced lAPs. Analysis of the individual clones from BL6 melanoma revealed that lAPs were produced only in the clones that failed to express H-2K b molecules. No lAPs were found in the melanoma clones that expressed endogenous H-2K b. To analyse further the association between MHC class I genes and lAP production, the H-2Kb-negative clones of BL6 melanoma were transfected with various H-2 genes.
Introduction
Murine A-type retroviruses are defective retroviruses that assemble on the membranes and bud into cisternae of the endoplasmic reticulum; they are thus termed intracisternal Aparticles (IAPs). DNA sequences encoding IAPs have been found in the mouse, rat, hamster and human genomes (Kuff & Lueders, I988; Gupta et al., 1992) . In mice IAPs are encoded by members of a large family of homologous but structurally diverse proviral elements existing in about 1000 copies per haploid genome (Kuff & Lueders, 1988) . IAPs are generally absent from tissues of adult mice, although some strains of mice such as BALB/c and DBA/2, but not C57BL/6 or AKR, Author for correspondence: EIJeser Gorelik. Fax + 1 412 624 7736. e-maiL gor@med.pitt.edu (Hail to be sent to the Pittsburgh Cancer Institute address.
The nucleotide sequence of HelAP has been submitted to the GenBank database and assigned the accession number U58494. exhibit low levels of IAP expression in the thymus or other tissues. However, malignant cells such as plasmacytomas, neuroblastomas and teratocarcinomas contain abundant IAPs (Kuff & Lueders, 1988) . Recently it was demonstrated that lAPs can transpose and affect the expression of oncogenes (Canaani et aI., 1983) and genes encoding various lymphokines (Ymer ef a[., I985; Stocking et al., 1988; Blankenstein eta[., I990;  Kuff, 1990; Sugta ei a] ., 1990; Tohyama ei al., 1990) . Certain IAPs expressed in a murine T cell hybridoma encode secreted factors which affect IgE production . Recently it was demonstrated that the tumour antigen recognized by specific cytotoxic T lymphocytes on the cell surface of the spontaneous leukaemia of CBA mice is a nonapeptide derived from the Gag protein of an IAP (de Bergeyck eta] ., I994).
Multiple cDNA clones of transposed and genomic IAP elements have been sequenced. They have shown limited divergence in the gag-pol regions and prominent differences in their LTRs (Kuff & Lueders, 1988) . Sequence analysis of iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiNiiii ii aiiii iiiiiiiiiiiiiiii cDNAs derived from thymocytes and B lymphocytes revealed that they share 218 bp of the U3 region of the LTR, but are diverse in the R region. Based on single nucleotide differences in a nine nucleotide motif in the R region upstream of the poly(A) signal, lymphocyte-derived lAPs were classified into three lymphocyte-specific groups (LS1, LS2 and LS3; Mietz et al., I992) . Oligonucleotide probes corresponding to each LS group of lAPs have been extremely useful in identifying these lAPs in various normal and malignant cells. In addition, these probes have helped to analyse the distribution of IAP proviral elements (termed Iapls) in the genomic DNA of various strains of mice, making them useful multilocus markers for genomic mapping Lueders et al., 1993a ). An additional group of IAP elements has been identified (termed Iapt) based on oligonucleotide probes corresponding to the LTR R region of IAP cDNAs isolated from plasmacytomas of BALB/c mice (Lueders et aI., 1993 b) .
The expression and production of IAPs in the B16 melanoma of C5 7BL/6 mice has not previously been reported. In this study we found that cells of the B16 melanoma line and its sublines contain numerous lAPs. A new type of melanomaderived IAP (termed MelAP) was cloned and sequenced and was found to be distinct from lymphocyte and plasmacytomaderived lAPs. Numerous copies of MelAP were found in the genome of melanorna cells as well as in the normal cells of C57BL/6 and BALB/c mice. The production of lAPs in the BL6 melanoma subline was found to be inversely correlated with expression of the MHC class I H-2K b gene. Transfecting H-2Kb-negative, lAP-producing BL6 melanoma cells with the H-2K "° or H-2K a, but not H-2D d or H-2L a genes resulted in the elimination of IAPs. Elimination of IAP production in the H-2K gene-transfected melanoma cells was due to inhibition of lAP transcription.
Methods
• Tumour cells. B16 melanoma and its sublines B16F10 and B16F10BL6 (hereafter referred to as BL6) were kindly provided by I. Fidler (M. D. Anderson Cancer Center, Houston, Tex., USA). The BL6T2 variant was obtained by treatment of BL6 melanoma cells with N-methyI-N'-nitro-N-nitrosoguanidine (MNNG) and individual clones were isolated using limiting dilution (Gorelik et al., 1985) . Two such clones, T2-18 (H-2K b --, H-2D b + ) and T2-39 (H-2K b +, H-2D b + ) were used in this study. Myeloma P3653 of BALB/c mice was a gift from A. De Leo (University of Pittsburgh Cancer Institute, Pittsburgh, Penn., USA). Tumour cells were maintained in vitro in RPMI-1640 medium supplemented with 10 % fetal bovine serum, glutamine, streptomycin and penicillin (all from Gibco BRL). Tumour cells were free of the following viruses: reovirus 3, pneumonia virus of mice, K virus, Theiler's murine encephalomyelitis virus, Sendal virus, minute virus of mice, murine adenovirus, hepatitis virus, lymphocytic choriomeningitis virus, ectromelia virus and lactate dehydrogenase-elevating virus (Microbiological Associates).
• H-2 gene transfection. The BL6 melanoma subline was cloned and two clones, BL6-8 (H-2K b-, H-2Db+) and BL6-2 (H-2K b-, H-2D b-) were used as recipients of H-2 class I gene transfection. As detailed previously, BLb-8 or BL6-2 cells were transfected with the H-2K b genomic fragment subdoned into the SalI site of pTCF (Tanaka et aL, 1988; Gorelik et al., i991; Kim eta] ., 1994). BL6-8 and BL6-2 clones were also transfected with the p191-6 plasmid, which contains the entire H-2K agene cloned into the HindlII sites of pBR322 (Gorelik et al., 1991; Kim et al., 1994) , or with the plasmids containing the genomic H-2D a or H-2L agene with the homogenous promoter (Kim et al., 1994) . BL6-8 cells were also transfected with the pRSV plasmid containing both the 8"4 kb IAa k and 10 kb IAc~ k sequences of the class II H-2IA k gene (Tanaka et al., 1988) . BL6-8 and BL6-2 ceils transfected with the class I or class [I MHC genes were cotransfected with the nea gene using Lipofectin reagent. Cells that survived in the presence of 1000 mg/ml of G418 were expanded and cloned by limiting dilution (Tanaka eta] ., 1988; Gorelik et al., 1991; Kim et al., 1994) .
In some experiments BL6-8 cells were transfected with the H-2K b gene alone without cotransfection with the neo gene . Since H-2K b gene expression in BL6 melanoma cells was associated with the appearance of SBA lectin-binding carbohydrates (Gorelik et al., 1991) , transfected cells were isolated by their adherence to agarose beads conjugated with SBA lectin (Kim et aL, 1994) . SBA-agarose-bound cells were expanded and cloned by limiting dilution. As a control, BL6-8 melanoma cells were treated with Lipofectin reagent without H-2K b gene transfection. Five consecutive selections of these cells for adherence to SBA-agarose beads failed to isolate H-2Kb-positive cells expressing SBA lectin-binding carbohydrates, suggesting that these did not pre-exist but appeared after the H-2K b gene transfection (Kim et al., I994) . The expression of class I H-2 molecules by the H-2 gene-transfected melanoma cells was analysed by flow cytometry as described (Gorelik et a] ., 1991; Kim et al., 1994) .
• Electron microscopy. Cells were fixed with 2"0% glutaraldehyde-2 % paraformaldehyde in 0"1 M-sodium cacodylate buffer pH 7"3, dehydrated with graded alcohols and embedded in epoxy resin. Thin sections were stained with uranyl acetate and lead citrate and were examined with a Zeiss EM10 electron microscope. All clones were analysed without knowledge of the treatment or phenotype of the cells.
• Screening of cDNA library. For cDNA synthesis, mRNA (5 lag) was applied to the SuperScript Choice System (Gibco) and was primed by a mixture of random hexamers and oligo(dT) primers (Sambrook et al., 1989) . The synthesized double-stranded cDNA was modified by adding an EcoRI adapter and then ligated to an EcoRI-cut pUC19 plasmid vector (Pharmacia) to construct a cDNA library. The cDNA library was screened with a a2P-labelled 6"0 kb MIA14 IAP DNA probe.
• Nucleotide sequence analysis. Plasmid DNA from the positive clones was prepared by the alkaline lysis procedure (Sambrook et al., 1989) and sequenced by dideoxynucleotide chain termination, using a sequencing kit (ABI), M13 sequencing primer (ABI), lAP-specific sequencing primers (custom-synthesized) and a Sequencer ABI373A. All sequences were determined on both strands. Sequence analysis was performed in the DNA Sequence Core Facility of University of Pittsburgh Cancer Institute. The sequence data were compiled and analysed on an IBM PC using PCGENE software ([ntelligenetics).
• Northern and RNA dot blot analysis. Total cellular RNA was extracted with RNAzol B (Biotex Laboratories). The polyadenylated RNA was then purified by chromatography on oligo(dT)-cellulose (Gibco) according to the protocol provided by the manufacturer. The extracted total RNA (10 p.g) was electrophoresed on a 1% agaroseformaldehyde gel and transferred to nylon membranes by standard techniques. The transferred RNA was hybridized with a2P-labelled 6"0 kb MIAI4 DNA or oligonucleotide probes as described previously (Lueders et al., 1993 b) . Oligonucleotides (23-mer) corresponding to the R region of the LTR of MelAP (CTTGCTCTCTTTTCCTAAAGATG; termed BI) and lymphocyte-specific IAP (LS1; CTTACATCTTTTTGGGGC-CAGAG) were synthesized with an ABI 380 DNA Synthesizer. The hybridized membranes were washed under the conditions described by Lueders et al. (1993 b) .
Zetabind membranes were used for the RNA dot blots. The polyadenylated RNA at a starting concentration of 5 gg was sequentially diluted I : 4 and was dotted onto these membranes. The membranes were hybridized with LSI or B1 oligonucieotides and were rinsed briefly with 6 x SSC (1 x SSC: 0"15 M-NaC1 plus 0'015 M-sodium citrate) and then washed twice with 3"2 M-TMAC solution (3-2 M-tetramethylammonium chloride plus 0"05 M-Tris-HC1 pH 8'0) for 30 min at 61 °C (Lueders et a] ., I993 b). The membranes were rinsed twice with 6 x SSC for 15 rain at room temperature before being exposed to X-ray film.
• Southern blot analysis. High molecular mass DNA was prepared by conventional methods from the liver of C57BL/6 and BALB/c mice as well as from BL6-8-and H-2K b gene-transfected CL8-1 melanoma cells. To estimate the number and distribution of MelAP in comparison to other IAPs in the genome, IAP subclass-specific 23-mer oligonucleotide probes (B1 or LS1) were hybridized to I0 p,g of HindIIIdigested DNA in dried 0"9% agarose gel as previously described (Lueders et al., 1993 b) . The method relies on washing the gels after hybridization at a stringently controlled temperature in 3"2 M-tetramethylammonium chloride.
Results cDNA cloning and sequencing of lAPs produced in BL6 melanoma cells
Electron microscopy of the parental B16 melanoma revealed that these cells, in addition to C-type retroviruses, contain numerous IAPs which assemble on the membranes of the rough endoplasmic reticulum and bud into dilated regions of the cisternae. IAPs were also found in the low and highly metastatic sublines B16F1 and B16FlO, as well as in the BL6 subline selected from B16FlO for high invasiveness.
It was of interest to clone and sequence expressed lAP elements from B16 melanoma cells and to compare them with known IAP elements isolated from lymphocytes, plasmacytomas or other malignancies. To sequence IAP elements from B16 melanoma cells, RNA was extracted from the BL6-8 clone isolated from BL6 melanoma and a cDNA library was constructed. The library was screened using a 32P-labelled 6"0 kb MIAI4 IAP DNA probe. Fifteen IAP-positive clones were isolated from about 20000 cDNA clones. Twelve of them contained inserts larger than 1"0 kb and two clones (B1-2 and B1-36) contained 4"5 and 4"3 kb inserts. When these 15 clones were sequenced, the eDNA sequence showed that 14 of them were collinear; that is, having an identical sequence within the overlapping portions. This suggested that they were derived from one provirus and so represented the complete sequence of an entire 6"8 kb lAP mRNA containing a copy of the 3'LTR. This BL6 melanoma-derived lAP cDNA was termed MeIAP. One out of the 15 isolated clones (clone L-8) contained sequences corresponding to the LTR of an IAP that showed homology with lymphocyte-specific LTRs, particularly the LS1 family (data not shown). The MelAP cDNA contained 2484 bp of the gag region, 2599 bp of the pol region, 1095 bp of the env gene with numerous stop codons and 358 bp of the 3'LTR. When compared with the full-length genomic MIA14 (Mays-Hoopes et al., 1983) , the MelAP genome showed an overall 99% sequence similarity. Most of the differences in the areas excluding the LTRs consisted of single base changes. Significant differences were found in the LTR, where the variation rate was about 15"6%. Within the U3 region, enhancer 2 (Enh2) showed a significant difference from that of MIA14 (Fig.  l a) . Another noticeable change was that a GAGAA motif instead of TATAA appeared at the location of the TATA box. At the SP1 site there was a G to C variation. A number of nucleotide differences were also found in the sequences flanking the TATA box and Enh2 region.
(a)
Several differences were found when the nucleotide sequence of the LTRs of MelAP eDNA was compared with those of lymphocyte-specific (LS) and plasmacytoma-derived (T) types of lAPs. The Enhl and Enh2 regions of many lAP elements show homology to the simian virus 40 (SV40) enhancer core motif (Falzon & Kuff, 1988) . Based on variations in the similarity between the Enh2 and SV40 enhancer core, plasmacytoma-derived lAP cDNAs were divided into two groups, PCI and PCII. lAPs whose Enh2 were similar to the MelAP R region contained two copies of CTCTCTCTCT-TGCTT repeats, spaced by a GCTTTT motif (Fig. l a) . Differences in a nine nucleotide motif upstream of the poly(A) signal were used to classify the IAP LTRs from normal lymphocytes into three lymphocyte-specific groups (LS1, LS2 and LS3 ; Mietz et a]., 1992). The nine nucleotide motif in the R region of MelAP cDNA (B1) was very different from the sequence in MIA14 as well as in the LS1, LS2 and LS3 cDNAs. The closest similarity with the B1 type occurred in a plasmacytoma-derived IAP cDNA (T1 type) (Fig. lb) .
To determine what type of lAP RNA was preferentially expressed in BL6 melanoma cells, we synthesized a specific 23-mer oligonucleotide probe from the R region of MelAP cDNA (BI probe). Dot blot analysis of serial fourfold dilutions of poly(A) RNAs revealed that BL6-8 melanoma celia contained abundant message for the B1 type of IAP cDNA and small quantities of message detected by the LSI probe (Fig. 2) . In contrast, the B1 probe showed weak hybridization with RNA from P3653 myeloma cells that strongly hybridized with the LS1 probe. These data confirm that melanoma cells preferentially express a novel species of lAP provirus and less of the LSI type. It is of interest that BLO-8 melanoma cells transfected with the H-2K "° gene (clone 8Kb38) showed no message for either type of lAP (Fig. 2) .
To determine the size of the messages recognized by the B1 probe in BL6-8 melanoma cells, Northern blot analysis was performed. The results presented in Fig. 3 show that the B1 probe recognized a full-length 7"2 kb message in BL6-8 cells. The LSI probe hybridized primarily with the 5"4 kb IAP transcript and to lesser degree with the 7"2 kb RNA in BL6-8 (Fig. 3) .
To estimate the copy number and distribution of MeIAP in the genome, we examined DNAs from liver and melanoma cells with the B1 probe hybridized to HindIII fragments derived from 5' proviral junctions as shown in Fig. 4 (a) . The number of MeIAP subclass IAP proviral copies was similar in the C57BL/6 and BALB/c genomes. Both strains contained approximately 30 copies, only some of which were polymorphic between the strains. The patterns for the melanoma cells (BL6-8 and H-2K 6 gene-transfected CL8-1 clones) were similar to the pattern for the C57BL/6 liver DNA. Hybridization with the LS1 probe (Fig. 4 b) showed that the number of LS1 subclass IAP proviral copies was also similar in C57BL/6 and BALB/c genomes. The LS1 probe detected a more polymorphic population of IAP proviruses, but the copy number was similar to the copy number of MelAP proviruses. The patterns of LSl-reactive fragments for the melanoma cells were again similar to the patterns for C57BL/6 liver DNA, with the exception of a few fragments (Fig. 4 b) .
MHC class I molecules and lAP production in BL6 melanoma cells
We next analysed a possible association between MHC class I gene expression and IAP production. The parental B16 melanoma and its sublines, particularly B16F10 and BL6, express low levels of MHC class I molecules, especially H-2K b (Gorelik eta]., 1985) . When BL6 melanoma was cloned and the individual clones were analysed we found that the majority of these clones (15 out of 16 tested) showed no expression of the H-2K b molecules and only one clone (BL6-29) highly expressed the endogenous H-2K b gene (Gorelik eta] ., i991). Electron microscopy of the H-2Kb-negative BL6-8 and BL6-2 clones showed numerous IAPs in these cells, whereas no IAPs were found in the H-2Kb-positive BL6-29 clone (Table 1) . Previously, we found that a subline, BL6T2, isolated from BL6 cells after treatment with MNNG showed stable up-regulation of the MHC class I H-2K b and H-2D b genes (Gorelik et al., I985) . Cloning of this BL6T2 subline revealed that out of 13 tested clones only one (T2-18) did not express H-2K b molecules (Gorelik et al., 199I) . Electron microscopy showed that the H-2Kb-negative clone T2-18 produced numerous IAPs, whereas clone T2-39, which expressed the endogenous H-2K b gene, showed no normal IAPs but contained a few malformed structures resembling IAPs. Thus, these data suggest that loss of IAP production was associated with expression of H-2K b molecules. It was therefore of interest to obtain more direct confirmation of this and to determine whether transfection of the H-2K b gene into H-2Kb-negative IAP-producing melanoma cells might lead to elimination of IAP production. Two clones isolated from the BL6 melanoma cell line, BL6-8 and BL6-2, were used for transfection. The BL6-8 clone does (Gorelik et aL, 1985) . t Expression of H-2K b molecules was analysed using flow cytometry (Kim et al., 1994) . (Kim et al., 1994) . Both of these clones contain numerous lAPs (Table 1 ). An example of IAPs in BL6-8 cells is presented in Fig. 5 (a) .
Transfection of BL6-8 cells with the MHC class I H-2K b and
neo genes (clones CL8-1 and CL8-2) resulted in the elimination of lAPs (Table 1) . Elimination of IAPs in the H-2Kb-positive melanoma cells was not associated with any detectable morphological abnormalities of the rough endoplasmic reficulum (Fig. 5 b) . However, the H-2K b gene-transfected clones (BL6-20 and BL6-37) that failed to express the H-2K b gene products showed no changes in production of IAPs (Table 1) . Transfection of BL6-8 cells with neo and/or MHC class II H-2IA k genes did not affect the formation of lAPs (Table 1) .
To exclude the possible contribution of the neo gene and selection of the transfected cells for resistance to high concentrations of G418, electron microscopy of BL6-8 cells 
b-) melanoma cells were transfected with class I H-2 genes and cotransfected with the neo gent. t Expression of the H-2K b or H-2K a molecules was analysed using flow cytometry (Kim et al., 1994) . :1: Determined by electron microscopy. Plus signs indicate presence of IAPs equivalent to control (BL6-8 or BL6-2 cells); minus signs indicate absence of IAPs.
transfected with the H-2K b gene alone without cotransfection with the neo gene was performed. We previously found that expression of the endogenous or transfected H-2K b gene was associated with the appearance of GSIB 4 and SBA lectinbinding carbohydrates (Gorelik et al., 1991) . Based on this finding, BL6-8 melanoma cells were transfected with the H-2K b gene alone and the H-2K b gene-transfected cells were isolated for their ability to adhere to SBA lectin-conjugated agarose beads . Analysis of 47 individual clones revealed that about 90% of the H-2Kb-transfected clones selected for SBA-agarose adherence expressed H-2K b molecules and SBA lectin-binding cell surface carbohydrates. Electron microscopy of five such clones showed loss of IAPs (Table 1) . In contrast, in clones (8Kb108 and 8Kb110) that nonspecifically bound to SBA-agarose beads and showed no expression of SBA lectin-binding carbohydrates or H-2K b molecules, no inhibition of IAP production was found ( Table   !76 (Kim et al., 1994) . Since both clones contain numerous IAPs, it suggests that expression of the H-2D b gene does not affect lAP production and indicates that H-2K and H-2D genes might have different effects on IAP production. To test this possibility, BL6-8 cells were transfected with the H-2K a, H-2D a or H-2L a genes and cotransfected with the neo gene (Gorelik et al., 1991; Kim et al., 1994) . Electron microscopy of the H-2 class I gene-transfected clones showed that transfection of BL6-8 cells with the H-2K d gene resulted in inhibition of IAPs (clones 8Kd84, 8Kdl00 and 8Kd118; Table  2 ). In contrast, transfection of BL6-8 cells with the H-2D a or H-2L d genes did not affect IAP formation (Table 2) .
Transfection experiments were repeated with the BL6-2 clone that failed to express both the H-2K b and H-2D b molecules (Kim eta] ., 1994). Transfection of BL6-2 cells with the H-2K b or H-2K a gene resulted in a loss of IAPs (Table 2) . In contrast, transfection with the H-2D a gene did not affect IAP production (Table 2) .
Thus, these data show that inhibition of IAP production in BL6 melanoma cells was associated with transfection of the H-2K b or H-2K a gene, whereas no effect was found when these cells were transfected with the H-2D a or H-2L a genes or expressed the endogenous H-2D b gene.
Mechanisms of inhibition of lAP production in BL6 melanoma cells transfected with MHC class I genes
Southern blot analysis showed no differences in copy number or major genomic DNA alterations that might be responsible for the observed differences in production of IAPs in the H-2Kb-negative and H-2Kb-positive melanoma cells (Fig. 4a) . Therefore, we next tested whether the differences were due to IAP genome expression. Total RNA was extracted from BL6-8 and BL6-2 melanoma cells transfected with various MHC class I genes and hybridized with a 32P-labelled 6"0 kb IAP (MIA14) D N A probe. Northern blot analysis revealed that transfection of BL6-8 cells with the H-2D a (clones 8Dd56 and 8Dd32) or H-2L a gene (clones 8LdI and 8Ld2) did not affect IAP expression (Fig. 6 a) . In contrast, transfection of BL6-8 cells with the H-2K b gene (clones 8Kb32 and 8Kb36) or with the H-2K a (clones 8Kd84 and 8Kd118) was associated with inhibition of IAP expression (Fig. 6a) . Similarly, clone BL6-29, which spontaneously expresses the endogenous H-2K b gene, had no IAP messages (data not shown). When another clone, BL6-2, was transfected with the H-2D a gene (clones 2Dd27 and 2Dd22) no changes in lAP mRNA production were found, whereas complete loss of mRNA was observed in clones transfected with the H-2K b (clones 2Kb35 and 2Kb45) or H-2K a (clones 2Kd3i and 2Kd17) gene (Fig. 6b) .
Thus, the observed loss of IAP production in BL6 melanoma cells transfected with the H-2K b or H-2K a genes is attributable to lack of IAP mRNA.
Discussion
Our data demonstrate that B16 melanoma and its sublines produce numerous IAPs. Nucleotide sequence analysis of cDNA isolated from the BL6-8 melanoma clone identified a 6"8 kb element corresponding to a IAP message of 7"2 kb (termed MelAP). Although numerous cDNA, genomic and transposed IAP elements have been sequenced from different strains of mice, only recently has the first lAP from C57BL/6 mice been identified and sequenced. This full-length 8"3 kb ~_76~ i iiiii iiiii iiiiiiiii!iiiiiii i iiiii iiii iiii iiiiiiiiiii IAPE-Y has been found to be located in the Y chromosome (Fennelly et aI., 1996) . Our MelAP shows relatively low similarity with IAPE-Y. Numerous copies of MelAP have been found in the genome of C5 7BL/6 and BALB/c mice. Melanoma cells in comparison to plasmacytoma cells predominantly express MelAPs. lAP production in BL6 melanoma cells was found to be negatively correlated with expression of H-2K b molecules. BL6 melanoma cells that do not express H-2K b molecules contain numerous IAPs. Expression of the endogenous or transfected H-2K b gene was associated with abrogation of lAP production. Complete and stable elimination of IAPs from tumour cells has not been previously reported. In some embryonic carcinoma lines after induction of their differentiation by retinoic acid (RA), a reduction but not a complete elimination of IAP production was observed that paralleled with a reduction in lAP mRNA expression (Hojman-Montes de Oca eta [., 1983) . However, in other experiments RA-induced differentiation of embryonal carcinomas resulted in an increase in IAP expression (Howe & Overton, 1986) . In BL6 melanoma cells expressing the endogenous or transfected H-2K b gene, loss of lAPs was not associated with an increase in differentiation or loss of malignant properties.
BL6 melanoma, in addition to IAPs, also produce C-type, B-tropic, ecotropic retroviruses that were found in all available melanomas of C57BL/6 mice (Leong et aL, 1988) . It is of interest that loss of IAPs in H-2Kb-positive BL6 melanoma cells always coincided with loss of the C-type particle (Muller et aL, 1996) . Transfection of BL6 melanoma cells with the H-2K b gene rendered them highly immunogenic (Tanaka et aI., 1988; Itoh eta] ., 1994) and sensitive to natural killer cell and tumour necrosis factor-mediated lysis (Gorelik eta] ., 1990; Kim eta]., 1993 Kim eta]., , 1994 . In addition, loss of IAPs and C-type retroviruses in the H-2K-transfected cells was associated with alterations in expression of various cellular genes and multiple changes in their phenotypic properties. These included up-regulation of a 1,3-galactosyltransferase gene expression with the appearance of ~-galactosyl epitopes and concomitant reduction of cell surface sialylation (Gorelik et aL, 1991 , reduction in adhesion properties and ability to form distant metastases and inhibition of tyrosinase and ~-melanocyte-stimulating hormone receptor gene expression with loss of melanin formation (Prezioso et aI., I995) .
The interaction of viruses with MHC class I genes has been a long-standing subject of investigation. An increasing body of evidence indicates that both DNA and RNA-containing viruses are able to inhibit expression of MHC class I genes (Singer & Maguire, 1990; Fruh eta] ., 1995). Our data indicate that interactions between MHC class I and viruses may also occur in the opposite direction; i.e. MHC class I genes or their products might be inhibitory for virus replication. This effect was associated with H-2K, but not H-2D or H-2L genes. H-2K and H-2D are homologous genes, although the similarity is higher between the allelic genes such as H-2K b and H-2K a than between H-2K and H-2D genes (Pullen et al., 1992) . The H-2L a gent has been found to be more related to the H-2D d than to the H-2K a gene (Pullen et al., I992) .
Precise mechanisms responsible for down-regulation of lAP expression in the H-2K gene-transfected BL6 melanoma cells remain unknown, but seem likely to be due to inhibition of mRNA production, although a possible decrease in its stability cannot be ruled out. Previously it was found that several transcription factors or changes in the methylation of LTRs might affect IAP expression (Mays-Hoopes et al., 1983; Feenstra et aI., 1986; Falzon & Kuff, 1988a, b) . Our preliminary experiments have shown various changes in the methylation of LTR of IAP genomic elements in the H-2K b gene-transfected BL6 melanoma cells. However, treatment of the IAP-producing BL6-8 or H-2Kb-transfected, lAP non-producing CLS-I melanoma cells with 5-azacytidine did not affect their ability to produce IAP message (M. Li, J. Muller, V. Rao, V. Hearing, K. Lueders & E. Gorelik, unpublished observations). It might be that transfection of the H-2K gene affects the production or availability of the transcription factors that are involved in regulation of lAP expression. Although some positive regulatory transcription factors have thus far been identified, the nature of the regulatory factors that down-regulate lAP expression remains unknown. Further analysis of the regulatory transcription factors in the IAP-positive and IAPnegative BL6 melanoma cells is needed to uncover the mechanisms responsible for inhibition of IAP expression in H-2Kb-positive BL6 melanoma cells.
